A simple model based on meson annihilation is proposed to explain low mass production of lepton pairs for both hadron and neutrino beams. Resonances, such as the rho and omega, are naturally taken into account and are shown to give rise to a large but unexpected contribution at very low pair masses.
INTRODUCTION
The simplicity and appeal of the Drell-Yan (D-Y) model1 for lepton pair production in hadronic scattering has fostered its application well outside the kinemaic regimes for which it was originally justified. Indeed, as Drell and Yan stressed, the approximations made in the parton model (in the impulse approximation or the hard scattering expansion2 (HSE) are not valid at large pair transverse momenta nor at low pair masses.
The HSE is illustrated in Fig In this paper we wish to extend the discussion to low mass pairs at low pT and explicitly include resonance effects. We argue that at low mass and low pT, the most important intermediate states are -3- those which have small mass but are strongly interacting, that is, those states that determine the large distance structure of the hadron.
Since the most important of these are expected to be light mesons, we shall study here the contribution of the subprocess M+ M'+"y"+ ll+R-.4
As the pair mass and/or transverse momentum increases, one expects in this picture to probe smaller and smaller distances, and the most important subprocess should change smoothly from meson-meson to meson-quark and diquarkantiquark, and finally to quark-gluon and quark-antiquark processes.
The general HSE formula for the fully differential pair production cross section is written as
where, for sufficiently small kT and RT, s' = xys
Some trivial kinematic factors which tend to unity as a and b approach their mass shells have been omitted in the above. The function Pa,A is.the probability function of finding constituent a in hadron A with (infinite) momentum fraction x and transverse momentum kT.
In Section II, the above model is applied to hadron beams and Fm' (Q2) I2 dxdysts -x+y)xy6(xy-
where off-shell effects in the form factor have been neglected. where F~(x) is the proton structure function. PO is a normalization constant chosen so that this probability behaves as-
where C M/P is a constant fitted to the data (C M/P N 0.2). The above form and value of C M/P are consistent with the large momentum transfer scattering results.lO For pion beams, we also need
One expects that the probability function for pions, rhos and omegas will be of the same order of magnitude and that all are The rho resonance will be a dominant feature of ITCH-annihilation (as well as KK, etc.) and data exists for the relevant form factor.'
The omega resonance will likewise be a dominant feature of IT -rho annihilation but the relevant experimental form factor is not directly available.
One can, however, proceed by direct analogy with the T-IT case by using the omega width in the relevant form factor and normalizing r to the (narrow) omega peak.
This neglects the small effects of rho-omega mixing but is adequate for our purposes.
For numerical calculation, we use a fit to the pion form factor as determined at Orsayll
where p is the pion momentum and M = 0.775 GeV, P rp = 0.15 GeV, FO = 5.83 and po = 0.36 GeV/c.
The numerical results for n+p + u+u-are given in Fig. 2 for an energy of E = 16 GeV and compared to the data of K. Bunnel, et al.12 The sharp rise near the r-pair threshold can be explained from the Dalitz -decay of w and n. Fig. 3 , the sense of the Hard Scattering Expansion (HSE),2 only the 4' (q') are "alomst" on-shell so that we may write, ,/v(X)u(q'T+q) + P;,,,(x)u(~Tj i) 1 (7) and identify the function P q/v and P-4/v for further use.
We use the standard V-A charged -current quark-lepton coupling and parameterize the momenta in the FMF as (for Fig. 3b ) -
where L = v + 4. Straightforward calculation then yields (9) where the factor of 3 counts quark colors, the last factor in braces is a(s'+T+q), and for simplicity we have used the symbol for each (y), with that of finding a W-boson (y) in a neutrino (e-).
If we imagine the T in Fig. 3 to be a hadron, it becomes apparent that Eq. (7) the <q contribution at high Q2 is shown by the dashed curves. Note that there is a crossover between these two contributions in the region of -15-the l-1.5 GeV. This is the same behavior found in Sec. II for r-induced pairs.
In Fig. 5 , we show doIdS with the same labelling conventions as in Fig. 4 . Note the enhanced forward "throw" effect of the relatively hard P q/v distribution in the <q case.
When we integrate to form a total muon-pair cross-section, we find the high mass contribution negligible and a total value for the cross-section which corresponds to a trimuon-to-charged-current crosssection ratio of (18)); this mechanism is suppressed both in production and by the small semi-muonic charm decay branching ratios.
Since (18) On the other hand, since P 4/v given in Eq. (13) is not sensitive to whether we start with v or v, the smaller absolute < CC cross-section implies that the (3~ 11~) ratio in 3 CC events will be -2 times larger than for v CC-scattering.
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IV. CONCLUSION
We have shown that the YT+~-parton annihilation mechanism provides the largest single contribution to the production cross-section in hadronic and neutrino-hadron scattering for low mass, low pT lepton pairs, and is consistent with the experimental data.
In particular, the neutrino induced charged current trimuon-single muon ration ratio of -10s4 which was once of such great concern is well explained by our mechanism. It also predicts approximately the same for the neutral current dimuon-muonless ratio and a factor of uv(CC)/ov(CC) larger anti-neutrino induced trimuon ratio. 
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